The existing relationships were studied among the different types of fi lamentous microorganisms that appear in the biofi lm of a biological contactor system. Using the hierarchical cluster analysis it was observed that, in all the stages, Beggiatoa sp. and the Eikelboom's types 0803 and 1863 always appeared associated, while Sphaerotilus natans was always associated with the morphological type 021N. The remaining microorganisms were associated in variable forms in the plants. In addition, different association models were obtained according to the season of the year and the stage-season interaction. It has also been observed that a signifi cant correlation exists among the fi lamentous microorganisms we have studied and the different physical-chemical parameters.
Introduction
The presence of fi lamentous microorganisms in biofi lms from rotating biological contactor (RBC) plants is well established and some of these microorganisms are indicators of deteriorating conditions 2, 3, 4, 5, 6, 9 . Some fi lamentous microorganisms, for example Beggiatoa sp. and Thiothrix sp., have been considered high load indicators 3, 4, 5, 6 . However, in RBC, there are few studies about the correlation between the presence of different microorganisms and the values of physical-chemical parameters. This paper describes the structure of the fi lamentous microorganisms community and their associations along the different stages of the RBC plants and their relationships with water-line physical-chemical parameters.
Materials and Methods
Biofi lm were obtained, twice a month, during a year from three municipal wastewater treatment plants with an RBC system located in the province of Madrid (Spain). Samples were taken in several points along the different stages ( Fig. 1) The biofi lms were scraped from a constant area of the contactor surface, and diluted with sterile distilled water. The area was defi ned with the sample bottle mouth (23.75 cm 2 ), as described in Galván et al. 7 (2000) , and the fi laments were identifi ed using Jenkin´s technique.
In addition, in the wastewater for the different stages, several physical-chemical parameters were determined by the methods as described in APHA 1 . The measured parameters were: biochemical oxygen demand (BOD 5 ), dissolved oxygen (DO), temperature, pH, ammonia (NH 3 ), nitrous nitrogen (NO 2 -), nitric nitrogen (NO 3 -), and orthophosphate (PO 4 3-).
Results and discussion
Relationship by stage
The existing relationships among the different types of fi lamentous microorganisms have been studied by means of hierarchical cluster analysis (complete linkage), with the purpose of obtaining more information about microorganisms relationships in these wastewater treatment processes. For the initial stages (Fig. 2a) In spring (Fig. 3a) , two groups appear. One of the groups is formed by Beggiatoa sp., Sphaerotilus natans, and 021N, 0803, and 1863 morphological types. The other group is constituted by the remaining microorganisms. During the summer (Fig. 3b) , two groups are formed. One group is formed by Beggiatoa sp. and 0961 type while the other is formed by the remaining microorganisms. The same thing happens in autumn (Fig. 3c ), but the difference is that 1851.
Eikelboom's type associates, in this case, with 0961 type and with Beggiatoa sp. Lastly, in winter (Fig. 3d) , two groups are formed and one of them is constituted by Beggiatoa sp., and 021N and 0961 morphological types, and the other one by the remaining microorganisms. (Fig. 5a ) four groups appear, one formed by Beggiatoa and Sphaerotilus, another by Haliscomenobacter hydrossis and 021N, 0914, 1701, and 1851 types, a third group by Thiothrix sp., and 0961 type, and the last group by 0803, and 1863 morphological types. In the middle stage (Fig. 5b) , two groups appear that are similar to those that are observed in spring. On the other hand, three groups appear in fi nal stages (Fig. 5c) ; one of them is constituted by Beggiatoa sp., Sphaerotilus natans and 021N type; 0803 and 1863 types form another group, and the remaining microorganisms constitute the last group. In autumn, four groups appear in the initial stages (Fig. 6a) . Beggiatoa and Sphaerotilus form the fi rst group. The 0803 and 1863 morphological types constitute the second group, while the two remaining groups are constituted by (i) Haliscomenobacter hydrossis together with 021N, 0914, 1701 and 1851 types, and (ii) Thiothrix and 0961 type, respectively. On the contrary, in the middle and fi nal stages (Figs. 6b,c) , only two groups appear. One of them is formed by Beggiatoa, Sphaerotilus, and 1863 and 0803 types, and the other comprises of the remaining microorganisms, as seen during spring and summer.
In winter (Fig. 7) , four groups appear in the initial stages (Fig. 7a) . The fi rst is constituted by Beggiatoa together with 0803 and 1863 Eikelboom's types. The following group is formed by four microorganisms (Haliscomenobacter, 0914, 1701 and 1851 morphological types). The other two groups are constituted by two microorganisms each. The middle and fi nal stages results are similar to those in autumn and spring (Fig. 7b,c) .
Correlation between fi lamentous microorganisms and physical-chemical parameters
In order to of determine if the presence of various microorganisms can be used as an index of the different studied physical-chemical parameters (Table 1) , the fi tting to a logistic regression model was carried out. The data for the different parameters were used as dependent variables, Beggiatoa sp.
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